Introduction
============

The progression of neoplastic disease is characterized by specific alterations of energy metabolism and by symptoms like fatigue, anorexia, nausea, anaemia and immunodepression, which finally result in a peculiar clinical picture known as cancer cachexia syndrome that, unless counteracted, can lead to patient's death \[[@b1]\]. Both the tumour growth and the host immune aspecific activation are responsible for these processes with progressive weight loss and worsening of patient performance status (PS) \[[@b2]--[@b4]\].

Glucose (as source of adenosine 5′-triphosphate) is the most important energetic substrate of human body \[[@b5]\]. It is also necessary for the synthesis, through the pentose phosphate pathway, of reducing compounds such as NADPH that is required during the recycle of reduced glutathione (GSH) \[[@b6]\]. In addition to GSH various antioxidant enzymes, especially superoxide dismutase (SOD), catalase and glutathione peroxidase (GPx), concur to maintain the normal cell reduced state. In advanced cancer patients, the altered energy metabolism in addition to symptoms such as anorexia, nausea and vomiting, do not allow an adequate synthesis of reducing compounds and a normal intake of carbohydrates and dietary antioxidants, thus favouring the accumulation of reactive oxygen species (ROS) \[[@b7]\]. Therefore, in advanced cancer patients oxidative stress (OS) may be considered a manifestation of reduced food intake and impaired glucose utilization \[[@b4], [@b8], [@b9]\].

The main cause of the symptoms and metabolic abnormalities of advanced cancer patients is the chronic action of some mediators \[[@b10]--[@b13]\], including Interleukin (IL)-6 and related cytokines IL-1 and tumour necrosis factor (TNF) α′ released by the tumour and the activated immune cells \[[@b14]\]. Proinflammatory cytokines, in turn, are able to induce an acute phase protein response that contributes to the pathogenesis of the altered energy metabolism \[[@b11]\].

Recently, the relationship between inflammatory status and changes of energy metabolism has been studied. Leptin, a protein considered the key marker of the nutritional status and energy consumption, is the central mediator connecting nutrition and immunity. It is released from adipocytes at concentrations proportional to body fat content \[[@b15], [@b16]\] and informs the central regulatory processes thus regulating body weight \[[@b17]\]. Although the fat amount is the main determinant of leptin concentrations, other factors are also relevant, including sex, hormones (*i.e.* insulin) and inflammation \[[@b18]\]. Several studies have evaluated the anorectic role of leptin and its correlation with body composition in cancer patients. However, to date the relationship between leptin, proinflammatory cytokines and their metabolic consequences during cancer progression has not been assessed yet.

The above reported observations led us in the present study to use leptin and oxidative stress variables (ROS, GPx and SOD) as parameters of energy metabolic status. Indeed, in a small sample of cachectic patients we observed a correlation between the changes of specific parameters of energy metabolism (*i.e.* body composition, resting energy expenditure, grip strength, etc.) and circulating levels of leptin, ROS and GPx \[[@b7], [@b19]\].

The aim of the present study was to assess the correlation between the circulating levels of parameters of inflammation(C-Reactive Protein, CRP, Fibrinogen, IL-6, TNFα and IL-1β) and energy metabolic status (leptin, body mass index (BMI), ROS, GPx and SOD) in epithelial ovarian cancer patients assessed at the time of diagnosis according to stage of disease and PS. In particular, we explored the determinants of leptin, considered the main parameter of energy metabolic status. Moreover, in a prospective study in the subgroup of advanced ovarian cancer patients we evaluated the change of the above parameters of inflammation and energy metabolic status during the course of the neoplastic disease in order to assess their changes in relation to the clinical objective tumour response.

Patients and methods
====================

Patients
--------

One hundred and four women with histologically confirmed epithelial ovarian cancer, and 95 healthy age-weight-height matched women were prospectively enrolled in the study. Patients were enrolled before any surgical or medical antineoplastic treatment. Their clinical characteristics are reported in Table [1](#tbl1){ref-type="table"}. Clinical features studied include age, weight, height, BMI, stage of disease (according to the International Federation of Gynaecology and Obstetrics staging system) and ECOG PS \[[@b20]\]. Weight was assessed with minimum clothing using an electronic weighing scale. Patients with ascites were weighed after evacuative paracentesis. Seventy patients, of the 104 enrolled, with stage III-IV ovarian cancer were evaluated for objective tumour response and changes of parameters of inflammation (IL-6, CRP and fibrinogen) and energy metabolic status (weight, leptin, ROS, GPx and SOD) at baseline, after surgery ± chemotherapy and then every month during the course of disease. The study was performed in accordance with the Declaration of Helsinki. All patients signed an informed written consent to participate in the study that was approved by Ethical Committee and Institutional Review Board of Sirai Hospital, Carbonia, and Policlinico Universitario, University of Cagliari, Italy.

###### 

Clinical characteristics of patients and controls

  Cancer patients (*n*= 104)                      
  ---------------------------- ------------------ ------
  Age, years: mean (range)     60.3 (34--80)      
  Weight, kg: mean (range)     57.9 (37--96)      
  Height, cm: mean (range)     157.5 (140--185)   
                               No.                \%
  **Tumour site**                                 
  Ovary                        104                100
  Stage                                           
  I--II                        29                 27.9
  III--IV                      75                 72.1
  **ECOG PS**                                     
  0                            21                 20.6
  1                            44                 42.5
  2                            32                 30.5
  3--4                         7                  6.4
  **Controls (*n*= 95)**                          
  Age, years: mean (range)     58.0 (29--80)      
  Weight, kgs: mean (range)    60.0 (39--78)      
  Height, cms: mean (range)    163.1 (154--175)   

Abbreviations: ECOG PS, Eastern Cooperative Oncology Group Performance Status

Clinical and anthropometric measurements
----------------------------------------

Clinical evaluation included chest x-ray and abdomino-pelvic ultrasound, computed tomography (CT) and CA-125 assessment. To complete the surgical stadiation and establish the most appropriate surgical approach, laparoscopy abdominal exploration was performed for all patients \[[@b21], [@b22]\]. According to stage of disease, the appropriate surgical intervention with maximal cytoreduction intent ± chemotherapy, or induction chemotherapy followed by interval surgery was performed. After surgery ± first-line chemotherapy, patients were followed-up with medical history and physical examination, CA-125 measurement and abdomino-pelvic ultrasound and CT. Response was measured by both response evaluation criteria in solid tumours (RECIST) and CA-125criteria: the date of response was the date of the earlier of the two events \[[@b23]--[@b25]\].

Laboratory variables
--------------------

In all patients blood sample was collected at 8 a.m. after overnight fasting. Serum sample was stored at \< 20°C until the levels of IL-6, IL-1β, TNFα, CRP, fibrinogen and leptin were assayed. ROS, GPx and SOD were assessed on fresh heparinized blood samples. Details of the techniques are described in some of our previous papers \[[@b3], [@b4], [@b8], [@b26]\]. Time of blood collection for leptin assessment was chosen in order to minimize the effect of the circadian variation of leptin secretion, which is characterized by basal levels between 08.00 a.m. and 12.00 p.m., rising progressively to peak at midnight, probably as result of cumulative hyperinsulinemia of the entire day. In accordance with the available literature, it isassumed that under fairly standardized conditions, *i.e.* blood samplingin the morning or early afternoon, a single leptin measurement is informative \[[@b27]\].

Statistical analysis
--------------------

Ovarian cancer patients at different stage of disease and controls were compared using ANOVA test followed by Tukey's post-hoc test. Correlation between clinical parameters and markers of chronic inflammation and energy metabolic status was analyzed by univariate regression analysis. Correlations between leptin and clinical and laboratory variables were tested by univariate regression analysis. Significant relationships were then examined by multivariate linear regression analysis against leptin (dependent variable). Changes of patient weight, leptin, IL-6, CRP, Fibrinogen, ROS, GPx and SOD levels assessed at baseline and during the course of disease were tested by paired Student's *t*-test. Data were analyzed using SPSS version 14.0 for Windows (SPSS, Inc., Chicago, IL) and *P* values less than 0.05 were considered statistically significant.

Results
=======

Assessment of parameters of inflammation and energy metabolic status in 95 healthy controls and 104 ovarian cancer patients at diagnosis
----------------------------------------------------------------------------------------------------------------------------------------

Levels of IL-6, IL-1β, TNF-α, CRP, fibrinogen and ROS were significantly higher, while leptin, GPx and SOD were significantly lower, in patients with stages III--IV epithelial ovarian cancer compared to controls and patients with stages I--II. Patients at stages I--II of disease, in turn, showed significantly lower ROS levels compared to controls (Table [2](#tbl2){ref-type="table"}).

###### 

Circulating levels of inflammatory markers, oxidative stress parameters, leptin and BMI in 95 controls and 104 epithelial ovarian cancer patients according to stage of disease

  Parameters               Controls *n*= 95   Stage I--II *n*= 29                             Stage III--IV *n*= 75
  ------------------------ ------------------ ----------------------------------------------- -------------------------------------------------------------------------------
  **IL-6 (pg/ml)**         3.0 ± 3.2          8.1 ± 10.4                                      18.6 ± 18.7 [\*](#tf2-2){ref-type="table-fn"}[†](#tf2-3){ref-type="table-fn"}
  **TNF-α (pg/ml)**        11.4 ± 8.4         13.7 ± 13.0                                     28.3 ± 21.8 [\*](#tf2-2){ref-type="table-fn"}[†](#tf2-3){ref-type="table-fn"}
  **IL-1 β (pg/ml)**       9.2 ± 8.3          9.7 ± 18.2                                      25.4 ± 25.5 [\*](#tf2-2){ref-type="table-fn"}[†](#tf2-3){ref-type="table-fn"}
  **CRP (mg/l)**           2.6 ± 2.0          4.4 ± 7.5[†](#tf2-3){ref-type="table-fn"}       23.9 ± 34.7 [\*](#tf2-2){ref-type="table-fn"}[†](#tf2-3){ref-type="table-fn"}
  **Fibrinogen (mg/dl)**   345.0 ± 80.5       320.4 ± 111                                     471.7 ± 202 [\*](#tf2-2){ref-type="table-fn"}[†](#tf2-3){ref-type="table-fn"}
  **ROS (Fort U)**         255 ± 73.4         323.51 ± 83.1[†](#tf2-3){ref-type="table-fn"}   420 ± 118 [\*](#tf2-2){ref-type="table-fn"}[†](#tf2-3){ref-type="table-fn"}
  **GPx (U/l)**            9594 ± 3107        9087 ± 2966                                     7496 ± 2931 [\*](#tf2-2){ref-type="table-fn"}[†](#tf2-3){ref-type="table-fn"}
  **SOD (U/ml)**           123 ± 28           104.6 ± 39.0                                    84.8 ± 35.4 [\*](#tf2-2){ref-type="table-fn"}[†](#tf2-3){ref-type="table-fn"}
  **Leptin (ng/ml)**       28.3 ± 15.1        25.0 ± 15.1                                     11.7 ± 13.8 [\*](#tf2-2){ref-type="table-fn"}[†](#tf2-3){ref-type="table-fn"}
  **BMI (kg/m^2^)**        22.5 ± 3.1         23.9 ± 6.4                                      22.9 ± 5.4

Data are reported as mean ± standard deviation (SD). *P* value was calculated with ANOVA test followed by Tukey's post-hoc test:

*P* \< 0.05 patients with stages III--IV *versus* patients with stages I--II;

*P* \< 0.05 in comparison to control subjects.

Abbreviations: CRP,C-reactive protein

IL, interleukin; TNFα, tumour necrosis factor α

ROS, reactive oxygen species

GPx, glutathione peroxidase

SOD, superoxide dismutase.

Linear univariate regression analysis between clinical parameters and parameters of inflammation and energy metabolic status
----------------------------------------------------------------------------------------------------------------------------

Single regression analysis showed that stage of disease and Eastern Cooperative Oncology Group (ECOG) PS were positively significantly correlated with IL-6, CRP, ROS and inversely correlated with leptin levels and BMI (Table [3](#tbl3){ref-type="table"}).

###### 

Linear regression analysis of clinical parameters (stage/ECOG PS) with inflammatory (IL-6, TNFα, IL-1β, CRP and fibrinogen) and energy metabolic status (BMI, leptin, ROS, GPx and SOD) parameters in epithelial ovarian cancer patients

               STAGE    ECOG PS            
  ------------ -------- --------- -------- ---------
  **IL-6**     0.286    0.006     0.372    \<0.001
  **IL-1**β    0.171    0.731     0.232    0.100
  **TNF-**α    0.172    0.929     0.059    0.578
  **CRP**      0.302    0.030     0.269    0.020
  **Fbg**      0.153    0.571     0.010    0.923
  **BMI**      −0.189   0.021     −0.340   \<0.001
  **leptin**   −0.284   \<0.001   −0.350   \<0.001
  **ROS**      0.307    0.013     0.364    \<0.001
  **GPx**      −0.168   0.091     −0.161   0.107
  **SOD**      −0.050   0.650     −0.137   0.221

Abbreviations: IL, Interleukin

TNF-α, Tumour Necrosis Factor α

CRP, C-reactive protein

Fbg, Fibrinogen

ROS, Reactive Oxygen Species, GPx, Glutathione Peroxidase, SOD, Superoxide Dismutase.

Linear univariate regression analysis between parameters of inflammation and energy metabolic status
----------------------------------------------------------------------------------------------------

Linear regression analysis showed that serum IL-6 levels correlated with leptin, ROS and GPx, while CRP levels correlated with BMI and ROS levels (Table [4](#tbl4){ref-type="table"}). In turn, a significant positive relationship was found between IL-6 levels and CRP (*r*= 0.198, *P*= 0.034) (data not shown).

###### 

Linear regression analysis between proinflammatory cytokines and markers of energy metabolic status (BMI, leptin, ROS, GPx and SOD)

  Dependent variables   Predictors                                                                                      
  --------------------- ----------------------- ----------------------- ----------------------- ----------------------- -----------------------
  **BMI**               β coefficient =−0.144   β coefficient =−0.148   β coefficient =−0.054   β coefficient =−0.303   β coefficient = 0.004
  *P*= 0.199            *P*= 0.165              *P*= 0.604              *P = 0.003*             P = 0.979               
  **Leptin**            β coefficient =−0.358   β coefficient =−0.195   β coefficient =−0.022   β coefficient =−0.130   β coefficient =−0.021
  *P = 0.002*           P = 0.086               *P*= 0.827              *P*= 0.238              *P*= 0.836              
  **ROS**               β coefficient = 0.399   β coefficient = 0.021   β coefficient = 0.048   β coefficient = 0.353   β coefficient = 0.287
  *P = 0.020*           P = 0.828               *P*= 0.606              *P* \< *0.001*          P = 0.100               
  **GPx**               β coefficient =−0.457   β coefficient =−0.018   β coefficient = 0.038   β coefficient =−0.203   β coefficient =−0.201
  *P* \<*0.001*         P = 0.885               *P*= 0.735              *P*= 0.070              *P*= 0.058              
  **SOD**               β coefficient =−0.123   β coefficient =−0.017   β coefficient = 0.025   β coefficient =−0.021   β coefficient =−0.018
  *P*= 0.331            *P*= 0.894              *P*= 0.844              *P*= 0.685              *P*= 0.863              

Regression analysis showed that: IL-6 was predictive of leptin, ROS and GPx levels; CRP was predictive of BMI and ROS levels.

Text in italics indicates that the *P*-value is statistically significant (*P* \< 0.05).

Abbreviations: BMI, body mass index

IL, interleukin

TNF, tumour necrosis factor

ROS, reactive oxygen species

GPx, Glutathione Peroxidase

SOD, superoxide dismutase.

Single correlation and multivariate regression analysis of stage of disease, ECOG PS, parameters of inflammation and energy metabolic status with regards to leptin levels
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Single correlation analysis showed that serum leptin levels correlated positively with BMI (*P* \< 0.0001) and GPx (*P*= 0.011) and inversely with stage of disease (*P*= 0.002), ECOG PS (*P* \< 0.001), IL-6 (*P*= 0.001), IL-1 β (*P*= 0.024), CRP (*P*= 0.009) and ROS (*P*= 0.027). Significant relationships were further included in stepwise multivariate regression analysis. Leptin levels were dependent on BMI (β coefficient = 0.298, *P*= 0.003), stage (β coefficient =−0.461, *P* \< 0.001) and IL-6 (β coefficient =−0.233, *P*= 0.039). Once leptin levels were adjusted for BMI, the multivariate regression analysis revealed that only stage (β coefficient =−0.271,*P* \< 0.001) and IL-6 levels (β coefficient =−0.277, *P*= 0.015) were independent factors predicting leptin.

Prospective study to evaluate the changes of serum levels of inflammatory and energy metabolic status parameters during the course of disease in 70 advanced ovarian cancer patients
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Fifty of the 70 (72%) advanced cancer patients followed during the course of disease achieved an objective response (partial response, PR, and complete response, CR) after primary antineoplastic treatment, 80% of them (40 patients) relapsed and 50% died from chemo-resistant disease (25 patients). Their assessment at baseline, after surgery ± chemotherapy, at the first evidence of recurrence of disease and during the further progression of disease (PD) showed the following results. When patients were responsive (*i.e.* CR or PR), IL-6 (*P*= 0.003) and CRP (*P* \< 0.001), decreased significantly, while leptin increased (*P*= 0.001) in comparison to baseline. At the first evidence of PD, IL-6, but not CRP and fibrinogen, increased significantly (*P* \< 0.001), while leptin decreased (*P*= 0.005) in comparison to values obtained when patients were responsive. Further PD was characterized by a significant increase of IL-6 (*P* \< 0.001), CRP (*P*= 0.040) and fibrinogen (*P*= 0.020) and a decrease of leptin (*P*= 0.002) in comparison to values obtained when patients were responsive. IL-6 levels increased progressively (*P*= 0.037 further PD *versus* PD; *P*= 0.010 next to death *versus* PD), while leptin decreased significantly (*P*= 0.001 further PD *versus* PD; *P* \< 0.0001 next to death *versus* PD) from first evidence of PD to death (Figs. [1](#fig01){ref-type="fig"} and [2](#fig02){ref-type="fig"}). As for OS parameters, GPx activity increased significantly in responsive patients and decreased significantly at first evidence of PD in comparison to values obtained when patients were responsive, while ROS levels increased significantly only at further PD (*P*= 0.040) and near to death (*P*= 0.020) *versus* response values. As for body weight it reverted to the range of pre-illness value in patients achieving CR, did not change significantly at first evidence of PD, while decreased significantly when further PD was observed(*P* \< 0.001).

![Serum IL-6 levels during the course of neoplastic disease in 70 advanced stage ovarian cancer patients. Serum IL-6 (pg/ml) decreased significantly when patients were in response (CR + PR) (*P*= 0.003) and increased significantly at first evidence of disease progression (*P* \< 0.001) in comparison to response values. The further progression of disease in no more responsive patients was characterized by a significant increase of IL-6 (*P* \< 0.001), which increased progressively from first evidence of disease to death (*P*= 0.037 further PD *versus* PD; *P*= 0.010 next to death *versus* PD). *P* was calculated by Student's t-test for paired data: \**P* \< 0.05 *versus* baseline; ¦ *P* \< 0.05 *versus* RC; †*P* \< 0.05 *versus* PD. The box plots in the figure represent columns of data as boxes whose extents indicate the 25^th^ and 75^th^ percentiles of the column. The line inside the box represents the median. Capped bars indicate the minimum and maximum value observed. Abbreviations: IL, Interleukin; PD, progression of disease.](jcmm0013-3951-f1){#fig01}

![Serum leptin levels during the course of neoplastic disease in 70 advanced stage ovarian cancer patients. Serum leptin (ng/ml) increased significantly in patients in response after treatment in comparison to baseline (*P*= 0.001). At first and further evidence of PD leptin levels decreased significantly (*P*= 0.005 PD *versus* response *P*= 0.002 further PD *versus* response; *P*= 0.011 next to death *versus* response). Moreover, leptin levels decreased significantly from first evidence of disease to death (*P*= 0.001 further PD *versus* PD; *P* \< 0.0001 next to death vs. PD). *P* was calculated by Student's t-test for paired data: \**P* \< 0.05 *versus* baseline; §*P* \< 0.05 *versus* RC; †*P* \< 0.05 *versus* PD. The box plots in the figure represent columns of data as boxes whose extents indicate the 25^th^ and 75^th^ percentiles of the column. The line inside the box represents the median. Capped bars indicate the minimum and maximum value observed. Abbreviations: PD, progression of disease.](jcmm0013-3951-f2){#fig02}

Discussion
==========

The results of the present study confirm the correlation, already demonstrated by us \[[@b26]\], between the severity of chronic inflammation, advanced stage and poor PS in patients with epithelial ovarian cancer. In particular, they better clarify the possible positive correlation of disease stage and ECOG PS with markers of systemic inflammation (*i.e.* IL-6) as well as the role of IL-6 as predictive factor of the dysregulation of energy metabolism during disease outcome.

Several studies \[[@b28], [@b29]\] have shown that inflammatory cytokines, and in particular IL-6, play a central role in the evolution of epithelial ovarian carcinoma but the mechanisms by which IL-6 may influence disease progression and outcome have not as yet been clearly demonstrated \[[@b29]\]. Higher serum IL-6 levels have been found in ovarian cancer patients compared with other gynaecological malignancies \[[@b30]\] and have been correlated with tumour burden, clinical disease status, reduced responsiveness to chemotherapy and poor relapse-free and overall survival \[[@b30]--[@b32]\]. However, it is difficult to establish the source of IL-6 and whether its high production in patients with ovarian carcinoma may be attributable to tumour \[[@b33]\] or immune system cells \[[@b34]\]. Tumour-associated IL-6 levels (such as those detectable in ascitic fluid) correlated with serum IL-6 concentrations \[[@b35]\]. Furthermore, it has been widely demonstrated that IL-6 induces the elevation of liver-derived acute phase proteins associated with advanced cancer \[[@b36]\]. Thus, regardless of the source of its production, high IL-6 levels are associated with a systemic inflammatory status.

Elevated serum IL-6 levels account for its endocrine activity leading to severe impairment of metabolic, physical, functional and psychosocial well-being in advanced cancer patients. IL-6, as well as IL-1 and TNFα, is responsible for symptoms such as anorexia, nausea and vomiting, weight loss, hypermetabolism, altered energy metabolism \[[@b37], [@b38]\] and fatigue \[[@b39]\]. In patients with epithelial ovarian carcinoma high IL-6 levels were associated with an impaired efficiency of immune cells both in terms of PBMC reduced blastic response and membrane-bound IL-2 receptor expression \[[@b40]\]. In the same way IL-6 exerts a central role in the pathogenesis of cancer-related anaemia \[[@b26]\]. Additionally, the highest serum levels of IL-6 are associated with the poorest physical/functional well-being (depression, anxiety, reduced social interaction) and the greatest fatigue \[[@b41]\] in a population of advanced ovarian cancer patients. Moreover, IL-6 plays a central role in modulating energy metabolism both in patients with chronic inflammatory disease and cancer.

Recent evidence demonstrated a relationship between serum levels of IL-6 and leptin, one of the most important parameters of the body energy metabolism \[[@b27], [@b42], [@b43]\]. In our study leptin levels were significantly lower in advanced ovarian cancer patients in comparison to controls and were inversely correlated with weight, BMI, stage, PS, serum levels of cytokines, CRP and fibrinogen. Furthermore, multivariate regression analysis demonstrated that IL-6, besides stage of disease, was an independent predictive factor of leptin levels. The present results confirm our previously published data \[[@b3], [@b4]\] and are in accordance with those of very important recent studies performed on a wide population of newly diagnosed ovarian cancer patients that found that serum leptin levels were lower in advanced ovarian cancer patients in comparison to controls \[[@b44], [@b45]\]. Leptin, released from adipocytes into the systemic circulation proportionally to fat mass, acts as a master hormone controlling energy metabolism and weight balance \[[@b46]\]. Additionally, this adipokine controls several other critical systems, including endocrine axis, bone metabolism, as well as the immune/inflammatory response \[[@b47], [@b48]\].

Noteworthy, the present study shows that serum leptin levels evaluated in 104 ovarian cancer patients at different stage of disease (stage I-IV) were determined both by stage of disease and serum IL-6 levels, independently of patient BMI. To date the great majority of studies on cancer patients have concluded that BMI and weight loss are the most important determinants of circulating leptin levels \[[@b49], [@b50]\]; however, it is to be noted that in the majority of these papers the impact of weight loss and the pattern of serum leptin concentration before diagnosis or study enrolment is unknown.

Indeed, experimental and clinical studies have clarified that leptin production is not only strictly related to body weight and fat but it is also influenced by glucose utilization ability \[[@b51]--[@b53]\]. Acute caloric deprivation and increased energy expenditure result in a large decrease of leptin synthesis, before major changes in body weight or fat mass have actually occurred \[[@b54], [@b55]\].

Consistently with this evidence and the findings obtained by some authors in tuberculosis patients \[[@b56]\], it can be suggested that the prolonged severe inflammatory response associated to the most advanced stages of neoplastic disease is responsible for the energy metabolism impairment thus down-regulating and exhausting leptin production. Indeed, the stimulation of leptin synthesis by aerobic glucose metabolism is mediated through the production of ATP and through the effect of glucose oxidation on cellular redox status and pyruvate cycling \[[@b57]\]. Therefore OS, consequent in advanced cancer patients to the low energy reserves and the inability to utilize efficiently the energy substrates, particularly glucose, may be considered the direct evidence of the metabolic impairment of which leptin is the most important parameter. Accordingly, our results demonstrated that in advanced ovarian cancer patients the lowest leptin levels and the highest IL-6 levels correlated with the highest levels of ROS and the lowest levels of GPx, the most sensitive among antioxidants to nutritional status being a selenium-dependent enzyme.

In keeping with these hypotheses, our prospective study, which analyzed the changes of the above reported parameters during the course of disease in 70 advanced ovarian cancer patients, showed that in patients who achieved CR after the primary antineoplastic treatment, IL-6 levels fell to normal values and leptin increased significantly. Then, patients who achieved PD showed a significant increase of IL-6 accompanied by a significant decrease of leptin. The patients with further PD had a progressive increase of IL-6, which reached the highest concentrations in the terminal phases of disease, associated with a significant increase of CRP and fibrinogen and a further decrease of leptin. Importantly, when PD occurred leptin did not decreased proportionally to body weight that fell significantly only in the terminal phases of disease. Leptin changes strictly reflected changes of IL-6 in accordance to tumour response or disease progression. It may be suggested that leptin variation reflected the changes of energy metabolism, induced by cytokines released from the tumour itself or by the aspecific activation of the immune system, even before they caused a significant body weight loss due to anorexia and muscle and fat wasting. To date, only studies on patients affected by active tuberculosis demonstrated that an attenuation of the inflammatory response, induced by an effective antituberculous treatment, is accompanied by an impressive increase of plasma leptin concentrations \[[@b56]\].

In light of the results of the present study, we can hypothesize that in ovarian cancer patients the reduced leptin production functions as a signal of increased energy expenditure and low energy reserves during the progression of the neoplastic disease \[[@b56]\]. Leptin decrease should induce an adaptative reduction of energy expenditure and an increase of appetite and food intake in response to the metabolic impairment induced by tumour growth and cancer-related inflammation. The signal activated by the drop of leptin levels might therefore constitute the evidence of the metabolic hyperactivity of the tumour and the host immune system and the subsequent defense attempt of the host to reduce energy expenditure when energy is scarce. Leptin levels fell together with a significant weight loss, probably induced by the prolonged action of inflammatory mediators, only in the last phases of the neoplastic disease. Indeed, chronic inflammation results in severe alterations of cell metabolism, with deleterious effects on body composition, nutritional status and immune system efficiency.

In conclusion, our findings attribute a central role to IL-6 and leptin as early markers of the main metabolic alterations associated to the progression of advanced ovarian neoplastic disease, and suggest that their assessment should be included in monitoring the disease outcome, especially when cancer is no longer curable with standard antineoplastic treatments and quality of life becomes the primary endpoint. It is possible that the scenario described above by us in ovarian cancer patients may also be applicable to other cancers, in particular lung cancer \[[@b58]--[@b60]\]. IL-6 assessment may allow a more appropriate care of cancer patients and the best supportive therapy considered as the irreplaceable therapeutic approach concurring to patients well-being. As for leptin, further studies are warranted to test its sensitivity and specificity as a marker of the metabolic alterations associated to disease progression in ovarian cancer patients.
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